UNITED STATES PATENT APPLICATION FOR: 
DATA MEMORY CIRCUIT 



INVENTORS: 



BERNHARD KNUPFER 
HELMUT FISCHER 



ATTORNEY DOCKET NUMBER: INFN/0076 



CERTIFICATION OF MAILING UNDER 37 C.F.R. 1.10 



I hereby certify that this New Application and the 
documents referred to as enclosed therein are being 
deposited with the United States Postal Service on April 
2, 2004, in an envelope marked as "Express Mail United 
States Postal Service", Mailing Label No. 
EV416702824US addressed to: Commissioner for 
Patents, Mail Stop PATENT APPLICATION, P.O. Box 
1450, Alexandria, VA 22313-1450 




Signature 

B. Todd Patterson 



Name 



April 2. 2004 



Date of signature 



PATENT 

W&B Docket No: INF 2292-US 
OC Docket No.: INFN/0076 
Express Mail No.: EV416702824US 

DATA MEMORY CIRCUIT 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims foreign priority benefits under 35 U.S.C. §119 to co- 
pending German patent application number 103 15 528.7-55, filed April 4, 2003. 
This related patent application is herein incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The invention relates to a data memory circuit having a multiplicity of 
addressable memory cells, a command decoding device for decoding external 
commands and a control device for controlling or initiating operations for the 
operation of the memory circuit in each case in a manner dependent on the decoded 
commands. One area of application of the invention is that of DRAMs (Dynamic 
Random Access Memories), i.e., dynamic read-write memories with the possibility of 
direct access to the memory cells. 

Description of the Related Art 

[0003] The operation of a data memory circuit includes, above all, the writing in and 
reading-out of data at selectively addressed memory cells. A write or read access 
consists, in principle, producing a data connection between the respectively 
addressed memory cells and the data terminals of the memory circuit, which usually 
comprises closing selected electronic switches in a network of control and data lines 
which covers the entire array of memory cells. Each write or read process comprises 
a sequence of individual operations, and in most conventional memory circuits the 
relevant operation commands are applied by an external controller. The controller 
generally "knows" the specification of the memory circuit and thus "knows" from the 
outset how long the execution of an operation command lasts and accordingly how 
long to wait before being permitted to send a new command which ends the 
previously commanded operation. 

[0004] It can happen, however, that the controller is not exactly coordinated with the 
specification of the memory circuit and sends a new command early. In this case, the 
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new command must not be obeyed, at least not when the newly commanded 
operation depends on the successful execution of the previous operation. 

[0005] Furthermore, in many memory circuits there are certain operating sequences 
which are initiated by the controller by means of a command and then proceed as an 
internal self-controlled process, e.g., under the influence of an internal clock signal, 
without synchronization with the controller. This may involve processes which, 
although permitted to be interrupted by a new command, must not be interrupted 
during specific critical phases while proceeding. Since the controller does not know 
or cannot know when precisely the aforesaid critical phases exist, it is possible for a 
new command to coincide temporally with such a phase. In this case, too, the new 
command must not be obeyed. One example of such self-controlled processes is the 
"self-controlled refresh" of data (self-timed refresh) in DRAMs. 

[0006] In the case of DRAMs, the memory cells are arranged within individual arrays 
or segments in each case in matrix form in rows and columns. Each row is assigned 
a control line referred to as a "word line", and each column is assigned a so-called 
"bit line", which usually has two cores and leads to an amplifier assigned to the 
relevant column. These amplifiers are referred to as "sense amplifiers", although 
they amplify not only data to be read out but also data to be written in. Access to a 
cell is begun by activation of the relevant word line in accordance with a row 
address, as a result of which switches are closed (i.e., turned on) at all cells of the 
assigned row in order to connect said cells to the sense amplifiers via the bit lines. 
During this operation, the charge of the cells is discharged onto the bit lines, which 
until then have been connected to a common "precharge potential". On account of 
the discharging of the cell charge, the potential of one bit-line core increases or 
decreases in each case with respect to the other bit line core which remains at the 
precharge potential. The sense amplifiers detect the respective potential differences 
of the bit line pairs and amplify these differences, so that the bit line core having the 
lower potential is brought to the "low" (ground) potential "L" and the bit line core 
having the higher potential is brought to the "high" supply potential "H" of the memory 
cell array. As a result of this, the information sensed at the cells is written back in 
amplified fashion to the cells and thus refreshed. 
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[0007] In the actual reading or writing mode, after the activation operation described 
above, the sense amplifiers are selectively connected to the data terminals of the 
DRAM under control through column address information. In the event of reading, 
the data latched in the sense amplifiers are taken at the data terminals; for the 
purpose of writing, the data latched in the sense amplifiers are overwritten by the 
new data input at the data terminals and are thus transferred into the memory cells 
via the bit lines. 

[0008] Since the cells lose their charge and thus the information stored in them in 
each case after a relatively short time, they have to be periodically refreshed 
between the read or write accesses. For this purpose, all the word lines of the DRAM 
have to be activated successively at suitable time intervals in order to cause the 
sensed cell information to be written back in amplified fashion as described above. 
After the cell information has been refreshed in this way, the relevant word line is 
brought to the non-active normal state again, as a result of which the bit line cores 
are electrically insulated from the memory cells. If this has been done, then both bit 
line cores are brought to the common precharge potential again ("precharge" state). 
The entire operation of word line activation and bit line amplification by the sense 
amplifier takes up a certain minimum time described by the specification parameter 
tRAS. If this time is shortened, for instance by virtue of the internal "precharge" of the 
bit lines being executed too early, then the full charge state of the cells cannot be 
reestablished. In the extreme case, the cell information may in this way even be 
attenuated instead of refreshed. In order to preclude this risk, a tRAS timer is 
activated during the word line activation, which timer instigates the execution of the 
precharge only when the full charge state of the cells is established. This waiting 
time thus signifies a critical operating state of the DRAM during which specific 
external commands are to be regarded as impermissible because it would be 
impermissible to execute them at this time. 

[0009] During regular useful operation of the DRAM, the external controller 
coordinates the refresh cycles with the write and read cycles, for instance, by 
sending an "auto refresh" command between writing and reading operations, in order 
to activate an internal refresh counter which is synchronized with the controller by 
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means of the common system clock and controls the cyclic activation of the word 
lines for the refresh. On account of this synchronization and with knowledge of the 
specification of the DRAM, the controller can avoid the situation in which its next 
command (e.g., the external activation command upon resumption of a write or read 
cycle) falls within the running time of the tRAS timer. 

[0010] The situation is different, however, in the case of the self-timed refresh. This 
operation is carried out during relatively long quiescent times of the DRAM. For this 
purpose, the cell information refresh controlled by the DRAM is initiated once by an 
external command of the controller, usually by zeroing its output signal CKE ("clock 
enable") with simultaneous issuing of the auto refresh command. The DRAM 
remains in this state as long as the external signal CKE retains the logic value 0. 
During this time, a self-refresh timing device runs in the DRAM under the influence of 
an internal oscillator and controls the sequential activation of the word lines without 
external action. This sequence remains hidden to the controller. If CKE is brought to 
a logic 1 by the controller, the DRAM leaves the self-timed refresh state. However, if 
there is a word line refresh underway at this time, the precharge is delayed by the 
tRAS timer until the complete refresh of the corresponding memory cells is ensured. 
If, during this time, the controller directs one of the impermissible commands to the 
DRAM (e.g., activation of another word line), then the execution of this command is 
blocked in the DRAM, and the command is rejected. This command refusal is 
effected on the basis of a status indication indicating that the time determined by the 
tRAS timer has not yet elapsed. 

[0011] The above-described self-timed refresh in a DRAM is only an illustrative 
example of processes or operations which are intended to proceed in a data memory 
and are not permitted to be terminated or disturbed at any time by any arbitrary 
external command. It depends on the respective type of data memory as to what 
processes of this type are taken into consideration for this and what external 
commands are respectively impermissible. In any event, however, the rejection of 
external commands at a data memory circuit may lead to serious disturbances in the 
entire system in which the memory circuit is situated. 
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SUMMARY OF THE INVENTION 

[0012] The object of the invention is to design a data memory circuit in such a way as 
to avoid situations in which external commands have to be rejected. 

[0013] Accordingly, one embodiment of the invention is realized by a data memory 
circuit having a multiplicity of addressable memory cells, a command decoding 
device for decoding external commands and a control device for controlling or 
initiating operations for the operation of the data memory circuit in each case in a 
manner dependent on the decoded commands. Critical operating states in which the 
execution of specific commands is impermissible result in the course of specific 
operations in the data memory circuit. A command buffer device, which buffer-stores 
commands received during the duration of their impermissibility and releases them 
for execution after the end of their impermissibility, may be provided. 

[0014] By virtue of the command buffer device that is present according to one 
embodiment of the invention, the data memory circuit can execute any external 
command even if the command is impermissible at the point in time when it is 
received because execution of the command at this point in time is incompatible with 
a currently prevailing operating state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] So that the manner in which the above recited features of the present 
invention can be understood in detail, a more particular description of the invention, 
briefly summarized above, may be had by reference to embodiments, some of which 
are illustrated in the appended drawings. It is to be noted, however, that the 
appended drawings illustrate only typical embodiments of this invention and are 
therefore not to be considered limiting of its scope, for the invention may admit to 
other equally effective embodiments. 

[0016] Figure 1 is a schematic diagram illustrating a data memory circuit with an 
external controller according to one embodiment of the invention. 



6 



PATENT 

W&B Docket No: INF 2292-US 
OC Docket No.: INFN/0076 
Express Mail No.: EV416702824US 

[0017] Figure 2 is a circuit diagram illustrating further details of an exemplary 
embodiment of a buffer circuit in the data memory circuit according to one 
embodiment of the invention. 

[0018] Figure 3 is a circuit diagram illustrating a buffer circuit according to another 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0019] The data memory circuit 10 illustrated schematically in Figure 1 is a 
"synchronous" DRAM (SDRAM), the constituent parts of which are all integrated on a 
chip, as indicated by the bold rectangular contour line. The quantity of memory cells, 
which may be distributed between a plurality of banks with in each case a plurality of 
segments, is illustrated schematically by the shaded block 1 1 . An internal control 
device 12 and a command decoder block 13 (dashed contour line) are illustrated as 
further blocks on the chip. 

[0020] Situated at the chip of the DRAM 10 are a plurality of external terminals, of 
which the following are shown: a data terminal DAT for inputting and outputting 
memory data bits in parallel form; an address terminal ADR for applying address bits 
in parallel form; a command terminal for applying m parallel command bits CMB; a 
terminal for applying a system clock signal CLS; a terminal for applying the clock 
activation signal CKE. 

[0021] The control device 12 controls the operations of the DRAM 10 depending on 
the m command bits CMB, which are usually supplied by an external controller 20 
(memory chip controller MCC). For this purpose, the command bits CMB are 
decoded in the command decoder block 13, in such a way that each command 
excites a specific combination of enable lines ENL in order to condition specific 
elements in the control device 12 for the execution of the relevant command. Thus, 
by way of example, the command "ACTIVATE" leads to the excitation of those 
enable lines ENL which condition the elements, inter alia, for calling up the row 
address at an address buffer, for canceling the precharge of the bit lines and for 
switching the word line of the addressed row to H-potential. A subsequent command 
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"READ" excites the enable lines ENL which condition the elements for maintaining H 
potential on the word line, for calling up the column address and for connecting the 
sense amplifiers selected in accordance with the column address to the data 
terminals DAT. The individual steps within such (and other) commanded operations 
are temporally controlled by an internal clock signal CLK, which is switched on and 
synchronized with the system clock signal CLS as long as the signal CKE from the 
controller has the logic value "1". 

[0022] The command decoder block 13 usually carries out the decoding of the 
commands sent by the controller 20 in two stages. In accordance with the illustration 
in Figure 1 , a command predecoder 30 receives the m command bits CMB, and for 
each of n different bit combinations, the command predecoder 30 provides precisely 
one assigned specimen of n command lines CM-1 to CM-n temporarily to an 
activated state, precisely for the duration of a half-cycle of the clock signal CLK. If m 
is the bit width of the command bits, then at most n=2 m different commands are 
possible, and each command T is indicated by excitation of the assigned command 
line CM-i (where i = 1, 2, ... n). A command end decoder 40 has n inputs to which 
the states of the n command lines CM-1:n can be transferred (the ":" herein denotes 
the word "to"). 

[0023] In the case of the prior art, the states of all n command lines are always 
transferred directly to the n inputs of the end decoder 40. Consequently, each 
command directly brings about the activation of an individually assigned input of the 
end decoder 40, which thereupon excites all those enable lines ENL which lead to 
the control elements for the execution of the relevant command. If, at this point in 
time, an operation in the DRAM is running through a critical stage which does not 
tolerate the execution of the command, in the case of the prior art a blockade signal 
ensures that the relevant control elements do not respond to the excitation of the 
assigned enable lines. The command is thus ignored and rejected. 

[0024] According to one embodiment of the invention, the DRAM 10, as shown in 
Figure 1, includes respective buffer circuits 50-i inserted between each command 
line CM-i and the assigned input of the command end decoder 40. Each buffer circuit 
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50-i receives, in addition to the signal of the assigned command line CM-i, the clock 
signal CLK and a status indication DST, which are derived from the control device 
12. The status indication DST provides information on whether there currently exists 
in the DRAM a critical operating state with which the execution of a new command 
might conflict. The status indication DST may be provided by activation of specific 
indication lines in a line bundle, whereby the type of critical operating state involved 
is also indicated. 

[0025] In each buffer circuit 50-i, the status indication DST is logically combined with 
the state ("activated" or "non-activated") of the assigned command line CM-i to 
ascertain whether a command indicated by activation of said command line is 
compatible with the operation state of the DRAM indicated by DST. If not (i.e., if a 
conflict may occur), the command is interpreted as an "impermissible command", 
and this status is stored in the buffer circuit, for example, by the setting of a flip-flop. 
As soon as DST indicates that the DRAM is in an operating state which is compatible 
with the execution of the previously impermissible command, the state of the flip-flop 
is interrogated and transferred as activation pulse to the assigned end decoder input. 
Thus, in contrast to the prior art, cases of conflict are not resolved by rejecting a 
currently impermissible command, but rather by buffering the command forwarding. 

[0026] An example of the circuitry realization of a suitable buffer circuit 50-i is shown 
in Figure 2. The buffer circuit 50-i contains various logic circuits which receive, 
process and output binary signals having the logic values (binary states) "0" and "1". 
The following shall be assumed for the buffer circuit shown: the clock signal CLK 
changes between the two logic values "0" and "1" from half-cycle to half-cycle. If the 
predecoder 30 (Figure 1) decodes the appearance of the command i, the assigned 
command line CM-i goes to an "activated" state corresponding to the logic value "1", 
for the duration of a "1" half-cycle of the clock signal CLK; otherwise, the command 
line is at the logic value "0". 

[0027] The buffer circuit 50-i contains an evaluation circuit 51 -i, which receives and 
analyzes the DRAM status indication DST. From the bits of the DRAM status 
indication DST, the evaluation circuit 51 -i identifies all those states of the DRAM 10 
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which are not compatible with execution of the command i. For the duration of the 
existence of such an incompatible state, the output signal A51 of the evaluation 
circuit 51 -i is at "1" and forms a buffer standby signal; otherwise, A51 is at "0". The 
state of the signal A51 is combined with the state of the command line CM-i in an 
AND gate 52. Only if, during the identification of a state that is incompatible with the 
command i (A51 ="1"), the command line CM-i becomes "1", i.e., the command i 
appears as an impermissible command, does the output signal A52 of the AND gate 
52 temporarily go to "1". The "positive" leading edge of this "1" pulse sets an edge- 
triggered RS flip-flop 53, so that the output signal A53 thereof goes to "1" and is held 
in this state for the time being. 

[0028] The "1" state of the signal A53 thus retains the information that a command i 
has been received during a time of impermissibility, i.e., during a "critical" DRAM 
state that is incompatible with this command. This command is intended to be 
forwarded as a "1" pulse to the end decoder 40 as soon as the critical DRAM state is 
ended. For this purpose, a further AND gate 55 may be utilized, which is fed, in 
addition to the signal A53, the inverted version of the signal A51 and the clock signal 
CLK and whose output is connected to the command line CM-i. As long as the 
critical DRAM state exists, A51 keeps the AND gate 55 inhibited. If the critical DRAM 
state is at an end and A51 has thus gone to "0", the AND gate switches through for 
the duration of the subsequent "1" half-cycle of the clock signal CLK and thus passes 
the desired "1" pulse to the end decoder 40 in order to allow the command i to be 
executed. This pulse thus begins with the positive edge of the clock signal CLK and 
ends with the negative edge thereof. 

[0029] Afterward, the flip-flop 53 has to be reset again immediately to prevent the "1" 
pulse from being repeated at the output A55 by the subsequent "1" half-cycles of the 
clock signal CLK. This is done by a third AND gate 54, which receives the inverted 
version of the signal A51 and the inverted version of the clock signal CLK and whose 
output is connected to the reset input R of the flip-flop 53. If and as long as no critical 
DRAM state prevails, the AND gate allows the inverted clock signal to pass through, 
so that the flip-flop is reset with each negative edge of the clock signal CLK. The flip- 
flop thus remains reset outside the DRAM operating state that is critical for a 
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command i, and can be set only during a critical DRAM state because the reset 
edges fail to appear at the R input in this time. 

[0030] In the embodiment of a buffer circuit 50-i as shown in Figure 2, a decoded 
command i is also transferred during a time of impermissibility to the end decoder via 
the command line CM-i. This does no harm, however, if the control device 12 of the 
DRAM 10 is provided, in the customary manner, with the known means which block 
the execution of a command in the case of conflict. However, these blockade means 
can be at least partly obviated and replaced simply by inserting a switch into the 
command line CM-i of the buffer circuit 50-i, as shown in Figure 3. 

[0031] In accordance with the embodiment shown in Figure 3, a switch 56 is inserted 
in the path of the command line CM-i between the point where the branch to the 
AND gate 52 is situated and the point where the output A55 of the AND gate 55 is 
connected, which switch responds to the output signal A51 of the evaluation circuit 
51 -i. Normally, if no DRAM state that is critical for the command is present and the 
signal A51 thus has the logic value "0", the switch 56 is in a closed position depicted 
in dashed fashion, so that a command i is conducted through to the end decoder 40 
(Figure 1). As shown, as long as the critical DRAM state is identified and the signal 
A51 is accordingly at "1", the switch 56 is opened, so that a command i that is 
decoded during the critical state does not reach the end decoder 40 and, 
consequently, is not executed. Otherwise, the circuit according to Figure 3 operates 
in the same way as described above with reference to Figure 2. In other words, the 
retained command i is fetched immediately after the end of the critical DRAM state. 

[0032] In one embodiment, all the buffer circuits 50-1 :n shown in Figure 1 are 
designed to be identical to one another, with the exception of the respective 
evaluation circuit 51 -i, which is specifically adapted to the respective command i. In 
other words, each evaluation circuit 51 -i is programmed in such a way to reply to the 
status indication DST with a "1" only when an indicated DRAM state specifically does 
not tolerate the assigned command. The status indication DST may contain, e.g., for 
all DRAM states which could actually clash in a highly conflictual manner with some 
command, a specially assigned DST indication line which is activated only when the 
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relevant state is present. In this case, in each evaluation circuit 50-i, a simple OR 
operation of precisely those "critical" DST indication lines which are assigned to the 
DRAM states that are incompatible with the relevant command i may be performed. 

[0033] As mentioned in the introduction, one of the critical operating states in a 
DRAM is the tRAS time that is to be complied with between the activation of a word 
line and the precharge. During this time, which is indicated by the running of the 
tRAS counter, no new word line activation and also no precharge are permitted to be 
effected. Consequently, all buffer circuits assigned to commands whose execution 
would result in a word line activation and/or a precharge should respond to the tRAS 
indication in order to forward or repeat the relevant command only after the tRAS 
time has elapsed. This concerns, inter alia, the ACTIVATE command, the command 
for a column access for read or write operation (READ, WRITE), furthermore the 
auto refresh command and practically any command which can be directed to the 
DRAM after the reawakening of the externally controlled memory operation from a 
self-timed refresh. It also concerns possible external "precharge" commands in the 
case of a DRAM whose bit line precharge is not effected automatically (as in the 
case of the so-called auto-precharge). 

[0034] Another critical operating state of a DRAM for specific commands may be the 
running of the tWR counter, which prevents a premature precharge after the 
execution of a write command has started. Consequently, all buffer circuits assigned 
to commands whose execution would result in a word line activation and/or a 
precharge should also respond to the tWR indication in order to forward or repeat the 
relevant command only after the tWR time has elapsed. 

[0035] The abovementioned critical operating states and the commands mentioned 
as impermissible for these operation states are only examples, of course. What 
commands must or are intended to be deemed to be impermissible in each case, 
and during what operating states, depends on the respective type of data memory 
circuit and its command structure. If it is ensured that the command-issuing external 
controller always takes account of the specifications of the data memory circuit, it is 
unlikely that, in the case of externally controlled operating sequences, a command 
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will be sent at an impermissible time. In such cases, it may suffice to restrict the 
command buffer according to the invention to situations in which an external 
command encounters a critical stage of an internally controlled process such as, 
e.g., of the self-timed refresh. This restriction also lies within the scope of the 
invention and may be effected, e.g., by providing buffer circuits only for those 
commands which could be used for the termination of internally controlled 
processes. This makes it possible to minimize the circuitry outlay for the command 
buffer device. As an alternative or in addition, it is possible to ensure that the 
command buffer device can start to function only when an external command 
appears during critical phases of an internally controlled process. 

[0036] The two-stage structure of the command decoding device 30 as illustrated in 
the drawings and also the illustrated buffer circuits themselves are only exemplary 
embodiments for one possible circuitry realization of the invention. Numerous 
modifications of the circuits shown and also other alternative circuits are possible, of 
course, to realize the command-buffering concepts according to the invention. 

[0037] While the foregoing is directed to embodiments of the present invention, other 
and further embodiments of the invention may be devised without departing from the 
basic scope thereof, and the scope thereof is determined by the claims that follow. 
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